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Abstract 
By using discrete model to simulate track system, a model of the track on roadbed-bridge transition section was 
established, and the structure of the track on roadbed-bridge transition section was analyzed with the finite element analysis 
software ANSYS. The distribution of displacement, rotation angle and surface stress of roadbed near the transition section 
were discussed for different length of roadbed-bridge transition section under dynamic vibration. The influence of the 
different stiffness ratio and speed of train on the dynamic performance of system was studied. Some theoretical bases for 
determining the reasonable length of the roadbed-bridge transition section had been discovered. 
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1. Foreword 
Due to the different supporting condition on bridge and roadbed, the stiffness and deformation on roadbed-
bridge transition section is different, caused the differential settlement on the transition section. In order to 
minimize differential settlement on roadbed-bridge transition section, reduce vibration of train and track, slow 
down deformation of the track structure, ensure the safe smooth operation of the train, a certain length of 
roadbed-bridge transition section was settled. Although the transition section have been settled for a long time at 
home and abroad, but there are no unified theoretical bases to determine the reasonable length of the roadbed-
bridge transition section (Wang Yu, Zhai Wan Ming & Wang Qi Chang, 1999). 
In this paper, by using discrete model to simulate track system, a model of the ballasted track on roadbed-
bridge transition section was established, and the structure of track on roadbed-bridge transition section was 
analyzed with the finite element analysis software ANSYS. The distribution of displacement, rotation angle and 
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surface stress of roadbed near the transition section were discussed for different length of roadbed-bridge 
transition section under dynamic vibration. The influence of the different stiffness ratio and speed of train on the 
dynamic performance of system were studied. According to the analysis results, some theoretical bases for 
determining the reasonable length of the roadbed-bridge transition section had been discovered. 
2. Calculation Model 
2.1.  Fundamental Assumption 
We use discrete model to simulate track system. When using the finite element to set up vertical vibration 
model fundamental assumptions are as follows: 
 First point: Only consider the vertical dynamic effect on track; 
 Second point: Considering bilateral symmetry of track, semi-structure has been used; 
 Third point: The rails are considered as Euler beam bearing by the elastic support. Equivalent elastic 
coefficient and damping coefficient of rail pad and ballast are expressed by kp, kb and cp, cb respectively. 
Elastic coefficient and damping coefficient of roadbed under the ballast are expressed by ks, cs respectively; 
 Fourth point: Sleepers are treated as lumped masses supported by base node; 
 Fifth point: Ballast mass are treated as lumped mass and only considered the vertical vibration effect; 
 Last point: Assume abutment stiffness is 10 ks, and the stiffness is linear variation on roadbed-bridge 
transition section (Xiao-Yan Lei, 2006). As shown in fig 1. 
2.2. Finite Element Model 
By using the finite element program ANSYS to analyze the model, the rail is simulated by BEAM4 element, 
sleeper and ballast are simulated by MASS21 element. Considered the influence of elastic and damping of ballast 
and roadbed, rail pad and fastening is simulated by spring-damping COMBIN14 element.100 spans are calculated 
along the line, 40 on the bridge and 60 on general roadbed. The rail ends be simulated as fixed constraint. The 
running direction of the train is from the roadbed to the bridge. The load of the German ICE high-speed train 
adopted is simplified as moving load on the track. The calculate model of track system as show in fig 2. 
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Fig. 1 Stiffness change of track transition section  Fig. 2 Finite model 
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The influence of the different stiffness ratio and speed of train were mainly considered to analyze the dynamic 
performance of system. The calculating scheme is shown in table 1. Calculating parameters are adopted according 
to the vertical vibration model of 60-kg/m rail track structure and the load of Germany ICE high-speed train. The 
specific calculating parameter, see reference (Xiao-Yan Lei, 2002; Luo Qiang & Cai Ying, 2000; LEI Xiao-yan, 
LIU Zhao-yang  & LIU Lin-ya, 2003). 
Table 1 The dynamic calculation condition on roadbed-bridge transition section  
Condition 
Calculating parameter 
Foundation stiffness ratio Train speed /(km·h-1) Transition section length/m 
1~5 1:5 
1:10 
1:100 
160 
80,160,250 
160 
0,10,15,20,30 
0,10,15,20,30 
0,10,20,30 
6~20 
21~24 
3. Dynamic Simulation Results and Analysis of the Roadbed-Bridge Transition Section 
3.1. The influence of track foundation stiffness change and different transition section length on the dynamic 
characteristics 
When the train speed is 160 km/h, under the condition of the stiffness ratio of the roadbed to abutment is 1:5, 
1:10 or 1:100 and transition section length take as 0 m, 10 m, 15 m, 20 m or 30 m respectively, to analyse the 
maximum displacement, the maximum rotation angle of the rail and surface stress of roadbed near the transition 
section. The time-history curve of the maximum displacement, rotation angle of the rail and surface stress of 
roadbed are shown in fig 3~5. Table 2 lists the results of dynamic analysis. 
Table 2 The results of dynamic analysis corresponding to the different stiffness ratio of foundation and different length of transition 
section 
Stiffness ratio 1 5 1 10 1 100 
Length of transition section 
/m 
0 10 15 20 30 0 10 15 20 30 0 10 20 30 
Stiffness ratio 1 100 
Stiffness ratio 1 5 Stiffness ratio 1 10 
Fig 3 The influences of different length of transition section on rail vertical displacement 
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Max displacement of the 
rail /mm 
2.147 2.131 2.129 2.128 2.126 2.15 2.136 2.134 2.132 2.127 2.153 2.150 2.148 2.145 
Max rotation angle of  the 
rail/10-3rad 
1.514 1.448 1.443 1.440 1.439 1.525 1.470 1.457 1.450 1.440 1.535 1.523 1.511 1.506 
Surface stress of 
Roadbed/MPa 
8.24 7.25 6.87 6.69 6.54 8.24 6.56 6.37 6.30 6.29 8.24 6.06 5.72 5.68 
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3.2. The influence of deferent train speed and different transition section length on the dynamic characteristics 
When the stiffness ratio of the roadbed to abutment is 1:10, under the condition of the train speed take as 
80km/h or 250 km/h and different transition length take as 0 m, 10 m, 15 m, 20 m or 30 m respectively, to 
analyse the maximum displacement, the maximum rotation angle of the rail and surface stress of roadbed near the 
transition section. The time-history curve of the maximum displacement, rotation angle of the rail and surface 
stress of roadbed corresponding to different length are shown in fig 6~8. Table 3 lists the results of dynamic 
analysis. 
 
 
Fig 4 The influences of different length of transition section on rail rotation angle 
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Fig 5 The time-history curve of roadbed surface stress 
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Table 3 The results of dynamic analysis corresponding to the different speed and length of transition section  
Speed km/h 80 250 
Length of transition 
section/m 
0 10 15 20 30 0 10 15 20 30 
Max displacement of 
the rail /mm 2.133 2.120 2.117 2.116 2.112 2.182 2.166 2.164 2.162 2.159 
Max rotation angle of  
the rail/10-3rad 1.475 1.437 1.430 1.428 1.423 1.620 1.573 1.555 1.541 1.523 
Surface stress of 
roadbed/MPa 6.41 6.11 5.93 5.91 5.87 11.48 8.52 7.73 7.57 7.45 
Fig 6  The influence of different length of transition section on rail vertical displacement 
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Fig 8The time-history curve of roadbed surface stress
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4. Conclusions 
According to the established finite element model, using the structural dynamic finite element analysis, to 
analyze the specific calculation data, conclusions can be drawn as follows: 
 First point:  Length of transition section has effect on rail vertical displacement and rotation angle. The longer 
the length of the transition section, the curve of the maximum displacement and maximum rotation angle 
gentler. The maximum vertical displacement and rotation angle do not appeared in transition section, but at 
the point before into the transition section 1~2 m. 
 Second point: Once set the transition section, the vertical displacement and rotation angle of the rail will 
decrease obviously. The maximum displacement and rotation angle decrease slowly as the length of transition 
section is longer than 15 m. 
 Third point: Once set the transition section, the surface stress of roadbed will decrease obviously. The stress 
reducing extent is smaller than 3% when the speed is 80 km/h or 160km/h, and the length of transition section 
is longer than 15 m. The stress reducing extent is smaller than 3% when the speed is 250km/h and the length 
of transition section is longer than 20 m. 
 Last point: As the stiffness ratio of roadbed to abutment and the length of transition section are fixed, train 
speeds have little influence on the vertical displacement and rotation angle of rail, but have great influence on 
the surface stress of roadbed. 
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